Cardiac troponin T (cTnT), even at low concentrations, is a risk factor for 30-day mortality in patients undergoing noncardiac surgery, but it is uncertain whether that risk is generalizable to patients with poor kidney function. We, therefore, evaluated the relationship between cTnT concentration and kidney function on the outcome of 30-day mortality in a post hoc analysis of a prospective cohort study of patients undergoing noncardiac surgery. cTnT was measured for 3 days after surgery and considered abnormal if the peak was $0.02 ng/ml. Of the included 14,037 patients, 267 (1.9%) patients died within 30 days of surgery. The adjusted hazard ratios for death with an abnormal cTnT concentration were 4.37 (95% confidence intervals [95% CI], 3.21 to 6.22), 6.15 (95% CI, 2.95 to 140.9), 6.30 (95% CI, 3.12 to 21.23), 1.33 (95% CI, 0.56 to 4.85), and 1.46 (95% CI, 0.46 to 9.21) for eGFR$60, 45 to ,60, 30 to ,45, 15 to ,30, and ,15 ml/min per 1.73 m 2 or on dialysis, respectively. Compared with patients with eGFR$60 ml/min per 1.73 m 2 , the adjusted hazard ratio was significantly lower for patients with eGFR=15 to ,30 ml/min per 1.73 m 2 (interaction P value=0.02). Redefining abnormal cTnT concentration as $0.03 ng/ml or a change of $0.02 ng/ml did not alter results. Because the risk associated with postoperative cTnT levels may be different for patients with eGFR,30 ml/min per 1.73 m 2 , additional research is required to determine how to interpret perioperative cTnT values for patients with low kidney function.
Over 200 million noncardiac surgeries are performed every year globally. 1 Although these procedures can be lifesaving and significantly improve quality of life for patients, .1 million individuals will die each year within 30 days after surgery. 1 Cardiovascular complications are the most important contributor to 30-day mortality in patients undergoing noncardiac surgery. 2 CKD, largely characterized by a reduced eGFR, affects over 30% of older adults and is a strong independent risk factor for cardiovascular events in both patients undergoing and not undergoing surgery. [3] [4] [5] Furthermore, increasing numbers of patients with CKD are undergoing surgery because of its increasing prevalence, longer survival, and improved surgical and anesthetic safety.
We previously showed that .11% of major noncardiac surgeries in patients $45 years old are complicated by an elevation in cardiac troponin T (cTnT), a commonly used marker of myocardial injury, to a concentration of $0.02 ng/ml. 6 This concentration of cTnT was independently associated with a .2-fold increased risk of death within 30 days of surgery. We also identified a borderline statistical interaction between kidney function (on the basis of the following categories: eGFR,30 or on dialysis, 30-44, 45-59, and $60 ml/min per 1.73 m 2 ) and abnormal cTnT (overall interaction P value =0.05). This did not meet our a priori threshold for a statistically significant interaction. However, uncertainty remained about whether an elevated cTnT has the same meaning in patients with and without reduced eGFR, particularly for those with severely reduced eGFR.
To address the possibility that renal function modifies the prognostic properties of postoperative cTnT, we performed a post hoc analysis exploring the interaction between several strata of preoperative kidney function and previously defined prognostically important postoperative cTnT concentrations.
RESULTS
There were 15,133 patients potentially eligible for these analyses. Of these, 1096 patients were missing preoperative creatinine, leaving 14,037 (92.8%) patients. Of these, 26 (0.2%) patients did not complete 30-day follow-up and were censored at last follow-up ( Figure 1) . Table 1 reports the preoperative characteristics of patients by eGFR strata. Patients in lower eGFR strata more frequently had a history of diabetes mellitus, congestive heart failure, and high-risk coronary artery disease, whereas malignancy was less common.
A median of three (two to four) cTnTs were drawn in each patient. The proportion of patients who died within 30 days after surgery was greater for patients with an elevated cTnT than for those without an elevated cTnT in every strata of eGFR (Table 2) . For patients with an eGFR$30 ml/min per 1.73 m 2 , a cTnT$0.02 ng/ml was associated with a 4-to 6-fold increase in the adjusted risk of 30-day mortality compared with a 1.3-to 1.5-fold increase in the adjusted risk in patients with an eGFR,30 ml/min per 1.73 m 2 or on dialysis ( Figure 2) . A statistically significant difference in the effect was only seen for the 15 to ,30 ml/min per 1.73 m 2 group (interaction P value=0.02).
The addition of postoperative cTnT to the clinical model using preoperative characteristics did not improve risk classification in patients with an eGFR#30 ml/min per 1.73 m 2 . The net reclassification improvement (NRI) for a model using cTnT compared with a model without cTnT was 1.5% (Supplemental Table 1) .
Using an alternative definition of an abnormal cTnT as $0.03 ng/ml did not materially alter these results. The adjusted hazard ratio (aHR) for patients with an eGFR$30 ml/ min per 1.73 m 2 was between 5.14 (95% CI, 3.57 to 7.10) and 7.23 (95% CI, 3.61 to 18.3), whereas the aHR for patients with an eGFR,30 ml/min per 1.73 m 2 or on dialysis ranged from 1.18 (95% CI, 0.44 to 3.73) to 1.31 (0.47 to 8.54) (Supplemental Table 2 ). Similarly, the alternative definition of an abnormal cTnT as a change of $0.02 ng/ml did not materially alter the primary results, with an aHR for patients with an eGFR,30 ml/min per 1.73 m 2 of 1.03 (95% CI, 0.27 to 2.72) (Supplemental Table 3 ). 
DISCUSSION
In patients with an eGFR.30 ml/min per 1.73 m 2 , a postoperative cTnT $0.02 ng/ml predicts a 4-to 6-fold higher risk of death within 30 days compared with similar patients with postoperative cTnT concentrations ,0.02 ng/ml. Patients with an eGFR#30 ml/min per 1.73 m 2 are at substantial risk of death within 30 days of surgery, but a postoperative cTnT $0.02 ng/ml was associated with only an approximately 1.5-fold increased risk of death and did not improve risk discrimination compared with clinical characteristics.
To our knowledge, we are the first to assess the risk associated with postoperative cTnT in patients with severely impaired kidney function. Other studies showed that older generations of cTnT assays were prognostic of mortality in patients with reduced eGFR or ESRD. [7] [8] [9] [10] [11] [12] [13] [14] Studies of patients with reduced eGFR and an acute coronary syndrome or presenting to an emergency room with chest pain also showed an increased risk of death in those with an elevated cTnT compared with a cTnT below the established necrosis limit. [15] [16] [17] Older studies typically defined an elevated cTnT as $0.09 ng/ml and found roughly a 2.6-fold increased risk of death in those with an elevated cTnT. We found an approximately 1.5-fold increase in the risk of death in patients with an eGFR,30 ml/min per 1.73 m 2 . This difference may be because of the lower cTnT threshold that we used to define an abnormal concentration, characteristics of the assay, a truly lesser associated risk in patients undergoing noncardiac surgery, greater residual confounding in older studies, or random error. In particular, if circulating cTnT is cleared by the kidneys, patients with reduced kidney function may develop measurable concentrations with less cardiac injury than patients with normal kidney function. Small increases in cTnT would be expected to incur less risk in patients with reduced eGFR in this case. Also, up to 43% of patients without symptoms of myocardial ischemia but with reduced eGFR not requiring dialysis were found to have an abnormal cTnT after surgery. The elevated cTnT in patients with poor kidney function in our study may be chronic and not have the same prognostic (or pathophysiologic) implications as an acute rise brought on by surgery. However, in a substudy of the Vascular Events in Noncardiac Surgery Patients Cohort Evaluation (VISION), we found that 21% of patients had an elevated high-sensitivity cTnT before surgery, regardless of kidney function or urgency of the surgery, suggesting that measurable quantities of cTnT are also present in many patients without severely impaired kidney function. 18 Whether this means that substantial numbers of patients have myocardial injury before undergoing surgery is unclear.
It is important to recognize that patients that undergo surgery are selected to do so. Patients with reduced eGFR may be more rigorously screened before elective surgery and may be more commonly rejected. The population that is actually operated on may, therefore, represent a special subgroup of patients with reduced eGFR in whom the risk of cardiovascular events is not the primary risk factor for early death after surgery. Some evidence of this is seen by virtue that 24% of the group with an eGFR,30 ml/min per 1.73 m 2 underwent urgent/emergent procedures compared with 13% with an eGFR$30 ml/min per 1.73 m 2 . Patients with poor kidney function may either be operated on under more emergent circumstances, in which case their risk of death may be dominated by the urgency of the surgery, and have nonvascular complications after surgery that are more relevant.
It bears mention that there was a statistically significant interaction for the eGFR strata 15 to ,30 ml/min per 1.73 m 2 but not for the eGFR strata ,15 ml/min per 1.73 m 2 or the on dialysis strata. This may be because of lack of power to detect the interaction in the lowest kidney function strata, which is supported by the consistency of the effect sizes between these two strata. However, patients on dialysis may also be qualitatively different than patients with low eGFR. However, our sample was too small to make a valid comparison of urgent/emergent surgeries and nonurgent emergent surgeries.
Our study has several notable strengths. The study sample was large and representative of patients undergoing major noncardiac surgery from several hospitals in several countries, and patients were well characterized at baseline. We lost very few patients to follow-up and had excellent adherence to the cTnT measurement in the first 3 days after surgery. Our cTnT threshold was empirically determined using an objective method and shown to be the most important risk factor for 30-day mortality in patients undergoing noncardiac surgery. Finally, there were 269 deaths within 30 days, allowing us to fit a stable regression model.
The limitations of our study must also be considered. There were still relatively few patients with very poor kidney function. Thus, only large effects could be reliably detected by a test of interaction. We are unable to determine how stable kidney function was before surgery. Patients may be misclassified because of acute changes in kidney function before surgery (i.e., AKI). Whether the interaction that we detected applies equally to patients with acutely deteriorating kidney function and patients with chronically poor kidney function is unclear. Our results are on the basis of only one assay (the fourth generation cTnT assay). Direct extrapolation of our results to other assays and particularly, the newly available high-sensitivity assays is problematic. One might expect that highly sensitive assays will reinforce the issue that we identified. Our results may be more important, because highly sensitive assays will be even more difficult to interpret in the setting of poor kidney function. Additional studies in both surgical and nonsurgical settings are needed urgently given that patients with reduced eGFR are at high risk of cardiac events. Finally, it is important to highlight that our study was on the basis of post hoc analyses, and our findings require confirmation in additional studies.
Monitoring postoperative cTnT remains an important instrument to identify patients at high risk of postoperative death. However, the interpretation of postoperative cTnTs in patients with very poor kidney function is unclear. Given the high prevalence of CKD and that .200 million individuals undergo surgery each year, additional studies to determine how to use these important tests for cardiac injury to identify patients at high risk of death and other adverse events are required urgently.
CONCISE METHODS

The VISION Cohort Methods
The VISION (clinicaltrials.gov identifier NCT00512109) is an international prospective cohort study evaluating major complications after noncardiac surgery. The VISION recruited patients undergoing noncardiac surgery at 12 centers in eight countries between August of 2007 and December of 2011. Participants were followed during their hospitalization and up to 30 days after surgery.
Participants
Participants in the VISION were 45 years old or older and undergoing an operation that required a general or regional anesthetic and at least an overnight hospital stay. Participants provided consent before surgery, or for those for whom we could not obtain consent preoperatively because of emergency surgery, consent was obtained within 24 hours after surgery. Furthermore, eight centers used a deferred consent process for patients unable to provide consent (e.g., patients sedated and mechanically ventilated) for whom no legal substitute decision maker was available. This allowed collection of cTnT measurements while awaiting patient's or legal substitute decision maker's consent. Patients were excluded if they had participated in the VISION for a previous surgery. Potential participants were identified by screening daily patient lists in the preoperative assessment clinics, surgical wards, intensive care units, surgical lists, and patients in preoperative holding areas. In centers where the surgical volume exceeded the research staff 's capacity to enroll at least 80% of all patients, the centers were assigned random weeks for recruitment of all or randomly selected surgical services.
Outcomes and Exposures
The outcome of interest was mortality from any cause up to 30 days after surgery. The main exposures of interest were preoperative kidney function and postoperative cTnT. Preoperative kidney function was estimated using the serum creatinine concentration measured most recently before surgery as part of routine clinical care. The serum creatinine concentration was converted to an eGFR using the Chronic Kidney Disease Epidemiology Collaboration equation. 19 Each participant's eGFR was then categorized as $60, 45 to ,60, 30 to ,45, 15 to ,30, or ,15 ml/min per 1.73 m 2 or on dialysis. Therefore, in this study, we further categorized low eGFRs compared with our prior study, which categorized a low eGFR as ,30 ml/min per 1.73 m 2 or on dialysis. cTnT was measured prospectively using the Roche Fourth Generation Elecsys Assay at 6-12 hours postoperatively and then, days 1, 2, and 3 postoperatively. Patients enrolled between 12 and 24 hours after surgery had cTnT measured immediately and then daily up to the third postoperative day. All cTnT measurements were analyzed at the participating center and reported to the attending physicians. For our primary analysis, participants were classified by whether their cTnT was ,0.02 or $0.02 ng/ml, because this was the first threshold shown to have prognostic importance in our previous study. 6 In our exploratory analyses, participants were classified as having a cTnTeither ,0.03 or $0.03 ng/ml or a change in cTnT by at least 0.02 ng/ml over the course of the first 3 postoperative days. For the change in cTnT analysis, patients with a lowest cTnT value of #0.01 ng/ml met the abnormal cTnT threshold if the highest cTnT value was at least 0.03 ng/ml, whereas patients with a lowest value .0.01 ng/ml were required to have a value at least 0.02 ng/ml higher to be considered abnormal.
Other potential confounders were assessed before surgery or as soon as possible after surgery for patients enrolled using deferred consent (i.e., consented within 24 hours of surgery). A complete list of the potential confounders and their definitions is included in Supplemental Material.
Statistical Analyses
Patient characteristics are described as means (SDs) or medians (25th, 75th percentiles) as appropriate for continuous data and numbers (%) for frequency data. A two-sided P value ,0.05 was regarded as statistically significant for all analyses without adjustment for multiple comparisons.
For the primary objective, we performed Cox proportional hazards regression analysis, in which the independent variables were the baseline characteristics determined to be of prognostic importance in our previous study. 6 These variables included age (categorized as 45-65 [referent], .65-75, and .75 years old), history of high-risk coronary artery disease, history of peripheral vascular disease, history of stroke, chronic obstructive pulmonary disease, active cancer, urgent or emergent surgery (versus other surgery), major general surgery, and major neurosurgery. The presence of an abnormal cTnT (i.e., $0.02 ng/ml) was used as a dichotomous independent variable. Also, kidney function was included as an independent categorical variable with five levels (i.e., $60, 45 to ,60, 30 to ,45, 15 to ,30, and ,15 ml/min per 1.73 m 2 or on dialysis) using the $60-ml/min per 1.73 m 2 category as the reference category. Included in the model were the interaction terms between abnormal cTnT and each kidney function category.
We calculated the effect estimates from the model as an aHR with a corresponding 95% confidence interval computed by bootstrapping the model 500 times. We assessed model predictive discrimination through evaluation of the NRI in patients with severely impaired kidney function (i.e., eGFR,30 ml/min per 1.73 m 2 ). 20 The NRI is defined as the probability that an event is predicted with a new model but not with an old model. Our old model included all of the predictors of 30-day postoperative mortality above (age, high-risk coronary artery disease, peripheral vascular disease, stroke, chronic obstructive pulmonary disease, active cancer, urgent/emergent surgery, and type of surgery), and the new model included the same predictors plus postoperative cTnT. For our analyses, the old model was on the basis of preoperative clinical variables only (age, high-risk coronary artery disease, peripheral vascular disease, stroke, chronic obstructive pulmonary disease, active cancer, urgent/emergent surgery, and type of surgery), and our new model included cTnT in addition to the preoperative clinical variables. We categorized the predicted risk for each patient with each model as ,1%, 1%-5%, 5.1%-10%, and .10%. The NRI represents the proportion of patients with predicted risk that more closely approximates their actual 30-day event status when cTnT is used in addition to the preoperative clinical variables. Exploratory analyses were conducted to determine if alternative definitions of an abnormal cTnT ameliorated any effect modification of eGFR. The alternative definitions of an abnormal cTnT included a peak cTnT of $0.03 ng/ml or a change in cTnT of $0.02 ng/ml as described above.
All analyses were performed with SAS v9.2 (Cary, NC).
